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BIRD CONTROL CHEMICALS—NATURE, MODES OF ACTION,-
AND TOXICITY

“E. W Schafer, Jr ﬁ

INTRODUCTION

Bird control chemicals represent many diverse basic chemical structures, particularly
when one considers the limited number of compounds that have been. or are being, used
to control birds. This diversity is a direct result of the sources from which most of these
chemicals have been derived: human medications, rodeaticides, and insecticides. In the
1960s and 1970s, miost of the effort in testing new bird control chemicals' was expended in
finding compounds that were specifically effective on the many species of pest birds. In the -
1980s the effort-was to develop data to maintain registered chemicals. Because of these

. factors, currently used bird control chcmlcals represent an interesting mixture of the old and-

the new.
This chapter will include discussions of bird control chemicals that have wndcsprcad use

throughout the world plus all bird control chemicals currently registered by the Environmental
Protection Agency for dse in the U.S. This chapter is organized into five main sections
based on the primary use of the chemical. Within each section. the -use, mode. of action,
and the toxic effects (acute, chronic. secondary, and reproductive) of each bird control
chemical will be discussed brietly by related groups (organophosphates. etc.). In,those
instances where a bird control chemical is also a widely used pesticide. references will be .
provided only in relation to the use of that chemical in bird control. As an additional aid to
users. a tabular listing of the acute avian and mammalian toxicity of each chemical or group
of chernicals T5.presented by toxicity category and closely related species or family groupings.
References will be limited to recent reviews or pertinent-individual articles when no
general review is available and will be used only in the discussions of individual chemicals .,
or groups of chemicals. Published and available unpublished toxic effect data for most ..
chemicals used in bird control-are limited since many. compounds:were developed for, juse
prior to 1970 when data requirements were-much less strict than they are today. Much,of |,
these data :m: now bemg gathercd as the nc-regtstratxon ot' “old" pest:cxdes accclcratgs. o

| TOXICANTS

Chcmxcals have’ been used to kill birds causmg. or suspcctcd of causmg, damage o,
agricultural crops. urban structures. and/or other property or.commodities for well-over 300 .
years. Formulations containing arsenic, antimony, phosphorus, and botanical extracts were
the earliest used bird control chemicals. Some are still used today. Toxic chemicals developed ;-
during World Wars I and I were also used occasionally to kill birds. Because most of these
naturals were toxic to all animal species, most of the commonly used avicides were also
highly toxic to ‘mammals. With the advent of the pesticide era in the late 1940Qs and the
synthesis and subsequent evaluation of large numbers of chemicals on many animal species, .. -
a number of chemicals were found that were selectively toxic to birds and relatively nontoxic .
to mammals and other organisms. Some of these sclcctxvc chemicals were developed and
are still in use today. -

{n the mid to late 1960s. major effort was made to find and devclop av:c:dcs thal were
not only selectively toxic to birds as a group. but also selectively toxic to specific pest bird.
species. Although a few chemicals were found with these attributes. their selectivity actually
limited their usefulness primarily because of the regulatory climate in the U.S. High reg-




‘Y""

i3 POHTUA L8 A I RS N 2 TR L R

600 CRC Handbook of Pest Management in Agriculture

istration costs due to stringent environment regulations for avicides have made it impractical
to develop selective toxicants for use on specific avian pests. Recent research and devel-
opment programs designed to find new avicides or avian control chemicals have returned
to broad-spectrum, less selective compounds that have other major uses. In the last 10 years
lile effort has been put into finding new avicides. Instead, most effort has been put into
gathering data for existing pesticides so that they can continue to be available for use.

The following is a brief description of avicides that are being, or have been extensively,
used throughout the world.

ORGANOPHOSPHATES

A number of organophosphate msecucndes including fenthion, O-dimethyl O-(3-methyl-
4-methylthio)phenyl phosphorothioate; mevinphos, methyl 3-{(dimethoxy-phosphinyl)oxy]-
2-butenoate; and parathion, 0,0-diethyl O-(4-nitrophenyl)-phosphorothioate, have been used

- in-treated baits, dermal contact sprays, treated water, and wicked-perches for bird control -

purposes. *3-3-7688 The chemistry.and toxicology of these ihsecticidcs are discussed elsewhere
in this handbook series, but there appears to be little difference in the mode of action and

toxicity levels between birds and mammals.3¢ Because organophosphates are, jn general, .

irreversible inhibitors of.acetylcholinesterase, their toxic effects tend to accumulate even if
the chemical itself may not.®'*° The potential for secondary poisoning (predators consuming
poisoned prey species) with organophosphates is moderate. depending upon the acute or
chronic toxicity of the pesticide to the predatory species and the speed of metabolism or
elimination and the time of death in the prey species.?’-%¢3-87 Adverse reproductive effects

. in birds have been documented, but may be caused primarily by the toxic effects of these

chemncals 249,51

CHLORIN ATED HYDROCARBONS .

Endrin. (1a*,2.2a,3%*,6°,6a,7,72*)-3.4,5.6.9, 9-hexachloro-la 2 2a,3, 6 6a,7,7a-octa- ;

hydro-2.7:3.6-dimethanonaphth(2.3-b)oxirene, was at one time the most widely used chlor-

inated hydrocarbon avicide in the U.S. and throughout the worid; however, its use is now .
restricted. It is ‘still used in ‘baits and .occasionally in ‘wicked perches.>*° Endrin is an .

insecticide. A detailed description-of its chemistry and toxicology are dnscusscd elsewhere -
in this handbook series. There appears to be little difference in the: toxlcnty of endrin between ..
bird and:imammal species.> Chlorinated hydro¢arbons are nerve toxicants (central nervous
system [CNS]-depressants or stimulants) and because of their high solubility in body fats; =

are accumulated and can be released in lethal amounts under conditions of stress.!*/%-3!
Since endrin accumulates and is quite persistent, the potential for secondary poisoning is

great with this material, especially in those predatory or scavenger species at the top of food

chams 21.63.80 Endnn has also been- unphcatcd in reproductive failure in birds.* w7

METALLIC SALTS g

. The main’ chemlcal in this group is thallmm. a chenucal that has been used to prepare -
toxic baits for rodents and birds.: In mammals, thallium works at the cellular .level and ..
resembles arsenicin its toxic effects; it inhibits many enzyme systems, reduces tissue.

respiration, and causes severe gastrointestinal distress.'® The mode of action of thallium in
birds appears to be very similar to that in.mammals. Poisoning symptoms are varied and .
require analysis to verify causal agent as thallium.'® The most notable poisoning symptoms

are depilation in mammals and feather loss in birds. Thallium is readily stored in most body . 1

tissues. but is slowly excreted and thus has considerable potential for causing secondary
poisoning in predatory or scavenger species.'** Reproductive effects have not been dem-
onstrated.




Volume ({ 601

ALKALOIDS
Strychnine (strychnidin-10-one) alkaloid is perhaps the most widely known and used of

the chemicals in this group. [t and strychnine sulfate are widely used as rodenticides or
avicides, pamarily on baits.°-32-%° The chemistry and toxicology of strychnine are discussed
elsewhere in this handbook. but in birds they are similar to mammals. where they cause
CNS stimulation.'* Although strychnine is not accumulated and is rapidly excreted, the
material still poses a low to moderate probability of causing secondary poisoning; its rapid
toxic action can result in large amounts of unabsorbed strychnine in the gut of killed prey
species. !-32-5763

Nicotine, (5)-3-(1-methyl-2-pyrrolidinyl)pyridine, and nicotine sulfate are two other
highly toxic alkaloids that have been used as bird toxicants and repellents.* They are
extremely fast acting and have little poteatial for chronic toxicity. Reproductive effects have

not been investigated in birds.

ORGANOMETALLIC SALTS
Sodium fluoroacetate (1080) and fluoroacetamide (1081) are wcll-known vertebrate

pesticides.*’*® These are widely used oa baits to control birds “Because the primary use of
these two chemicals is as codenticides. their chemistry and toxicology are discussed elsewhere
in this handbook series. Both compounds are metabolized to fluorocitrate and intecfere with
the Krebs cycle (citric acid metabolism) resulting in reduced energy production at the cellular
level."'-**** thus causing severe CNS stimulation. Both chemicals are distributed throughout
the body and may accumulate since they are slowly excreted. The distribution and accu-
mulation of these compounds would indicate a moderate possibility of secondary poisoning
in predatory or scavenger species. Reproductive effects in birds have not been investigated.

ANILINE DERIVATIVES
One chemical has been developed and registered for use as an avicide based on its

differential toxicity between bird and mammal species and its selectivity to some pest birds.
This compound. coded DRC-1339 (3-chloro~+-methylbenzenamine hydrochloride,: Starli-
cide®*), was developed as a blackbird/starling toxicant in the mid 1960s.¥ It is now used
against other blackbird species. corvids. and pigeons.®*->** The chemical is unique because
of its high toxicity to most ‘pcst bmds and low t0 modcratc toxicity to most predatory birds

-and -almost all mammahan spemes 0 Although the mode of action-of -this material'is:not

well understood. it appears to cause death pnmanly by ncphrotox:cxty in susceptible. species
and by,CNS depression in nonsusceptible species.*>* Some attempt has been made to relate
the susccpubthtylnonsusccptibtllty pattern to the presence or absence of certain enzyme
systems: however, only insuffi cient data are available to verify the relationship.®. . .° -
DRC-1339 is a chronic toxicant in susceptible bird species.™ but not in other species
since it is rapidly metabolized and excreted in both groups. and it is apparently not accu-
mulated. The chronic toxicity observed appears to relate to irreversible kidney damage caused
by the chemical during its short stay in the body of sensitive specjes.* Because most predatory
or scavenger vertebrates are nonsusceptible, and the chemical is rapidly metabolized and
excreted, greatly ingested DRC-1339 poses little or no risk of secondary poisoning.®* Re-
productive effects in bmds are revcrsnblc and are related to the toxic effects of the chcmlcal
itself.” v
The free base of DRC-1339, known as CPT, 3-chloro-4~methyl benzenamine, and a
metabolic product known as CAT. N-(3-chloro-4-methylphenyl)acetamide, are also being
considered for possible development as avicides due to different physical-chemical properties
which may make them more suitable for specific uses. such as dermal toxicants.>-*-** The

¢ The use of trade names docs not imply endorsement of commercial products by the U.S. Government.
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secondary hazard potential and reproductive effects of these materials are similar to DRC-
1339. 16.63

REPELLENTS

Chemical repellents or aversive agents have been used for over a century to prevent or
reduce the likelihood of birds damaging agricultural crops and structures of various types.
Repellent chemicals represent the use of behavior modification as a form of bird control to
reduce damage without directly affecting depredating populations. Lethal control methods,
on the other hand, attempt to reduce populations and may or may not reduce the amount or
distribution of damage.

Repellency or aversion in birds are both compllcatcd bchavxoral responses that can be
-caused by a large number of stimuli with a variety of results. Because they are behavioral
responses. they are difficult to measure or quantify in the laboratory or field since many
other unrelated stimuli or environmental factors can also modify responses. The problem of
determining the effectiveness of repellents, as opposed to the relative ease of measuring the
effects of most toxic chemicals, resulted for many years in emphasis on Iéthal control
methods. In the last two decades, however. a bétter understanding of avian physiology and
the development of reliable methods of measuring avian behavioral response have resulted
in an increased emphasis on developing repellent or aversive chemicals to control bird
damage.

Repellents or aversive agents may be categorized as follows: tactile (modification of
surfaces). taste (modification of flavors or odors). physiological (illness-induced aversion).
and other (primarily chemical-caused behavioral changes). The assignment of chemicals to
different behavioral categories is based on experience instead of scientific evidence since

conclusive data are generally not available.

TACTILE
Hydrocarbons
This group of chemicals or mixtures of chemicals, which mc]udc mineral onl polybu-

tenes. polyisobutenes, etc., are derived from petroleum or_coal and are usually used to
discourage birds from alighting or roostmg on structures and trees.* Formulations containing..
these chemicals modify the perching surface s9 that it becomes shppcry or sticky. confusing

a bird’s tactile senses or physically prcvcntmg perching. Although none of these chemicals o

or mixtures are considered to be-directly toxic,”™ secondary eéffects are death by expostre *°
or starvation when excessive feather contamination interferes wijth thermoregulatory ability
or flight. Sccondary po:sonmg hazards and cffects on rcproducuon are undefined.

TASTE

Alum-Based Materials - S .
Aluminum potassxum/ammomum sulfate synergized with sucrose octa-acctatc andfor

other materials has been used in many areas of the world in formulations known as CURB
and RETA.** The combination of these two materials produces a product that is very bitter
and highly astringent to the human senses. Alum is used as a food additive and is not toxic
to mammalian or avian species in moderate doses. In birds these formulations cause a taste
response that results in aversion. Sccondary hazards and reproductive effects in birds have

not been evaluated.

Anthranilates
DMA (N,N-dimethyl anthramlatc) and MA (N-mcthyl anthranilate) are naturally occur-
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grapes or oranges. Birds find both of these offensive in solutions and feed. and they are
being investigated for use as livestock food additives and turf treatments.*’ Although both
are present in a variety of foods, the toxicology of these anthranilates is not well known. It
is unlikely that either material would present secondary hazards or reproductive effects in

birds.

Coal Tar
Coal tar is a mixture of many organic compounds. principally aromatic and aliphatic

hydrocarbons. [t often contains small amouats of many carcinogenic. teratogenic, or mu-
tagenic materials.™ Although its-use for bird control has been limited to seed treatments,'?-3?
lictle is known of the fate of many of its constituents in the soil or residues in plants grown
from treated seed. Because of the variety of compounds contained in coal tar, the toxicity
of this mixture is also not well documented. The mode of action of coal tar in birds is related
to taste and/or odor. Secondary poisoning hazards and reproductive effects are not known

in birds.

Cupric Oxalate
Cupric oxalate is used pnmanly as a seed treatment to prevent bird damage to sprouting

crops.*** Oxalates are rapidly absorbed from the gastrointestinal tract and are moderately
toxic to birds and mammals.**¢ [n the body. oxalates combine with calcium to form calcium
oxalate which. in turn. stimulates the CNS. Death can be caused directly by CNS stimulation.
by renal obstruction with oxalate crystals. or by a combination of both effects. Cupric oxalate
is a bitter compound that birds detect through taste. The chemical has a low probability of
causing secondary hazards. unless massive amounts of oxalate salts remain in the body of
the prey species. Reproductive effects in birds are not defined.

Fungicides ,
There are two widely used fungicides that have also been used as bird repellents: captan,

3a.4.7. 7a-tctmhydro—"(tnchloromcthylthlo)-lH-nsomdolc-l 3(2H)-dione. and thiram, tetra-
methylthioperoxydicarbonic diamide.® These pesticides are used as seed treatments to repel
birds (and protect against fungi) and have been used as bird repellent foliar sprays on ripening

agncultural crops with occasional success.*’-** The toxicity and chemlstry of these chemicals .
are dlscussed elsewhere in this handbook seties; however, both act'as CNS dcprcssams at

high cxposurc lcvcls and at lower levels are repellents by some undefined tast€ mcchamsm.
Neither chemical appears to be accumulated in birds; because of their low to moderate acutc
and chronic toxxcuy. captan and thiram preseat little probabthty of secondary poisoning.® .
Both compounds have been implicated in reproductive disorders, particularly captan, perhaps
due to its close structural relationship to thalidomide.***

Quinones
p-Quinone (2, 5-cyclohcxadmc-l .4-dione) and anthraquinone (9,10- anthracene-

dione)have been used as bird repellents on seeds and as foliar sprays for ripening agricultural
crops.*® These quinones are related to the earliest fungicides, and some are strong irritants
of mucous membranes.'? Birds find these materials distasteful, and the occasional repellency
attributed to these materials is probably not irritation. Massive amounts of these chemicals
may result in death due to generalized CNS depression. Effects on reproduction or potcnual

secondary hazards have not been studied. -

PHYSIOLOGICAL

Lindane
Lindane, (1 alpha.2 alpha.3.4 alpha. 5 alpha,6)-1,2,3 4.5, 6-hexachlorocyclohexane and
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chemistry and toxicology are discussed elsewhere in this handbook. Lindane is a CNS
stimulant in acutely toxic doses' and can also cause degenerative changes in the liver and
kidneys if exposure occurs over longer periods. Because lindane is accumulated in the fat
of birds and mammals,’' it must be considered as having a moderate secondary poisoning
hazard potential. Lindane has also been suspected of causing reproductive dysfunction in

some bird species.

Methiocarb

Methiocarb, 3,5-dimethyl-4-(methylthio)pheny! methylcarbamate, Mesurol®, is a car-
bamate insecticide and bird repellent.'**#* A detailed discussion of the chemistry and
toxicology of carbamates is contained elsewhere in this handbook. Carbamates, as organ-
ophosphates, inhibit acetylcholinesterase. The effects of carbamates are rapidly reversible. '
Mcthnocarb does not appear to accumulate in body tissues and this, in addition to its reversible

effect on acctylcholmcstemsc greatly reduces the probability of chronic intoxication.™

' Iliness-induced aversion caused by methiocarb is probably responsiblc for its repellency
to birds.*® Birds can detect this effect and associate it with the taste or some other sensory
effect.! This mode of action has been described in mammalian species, and-in birds it
appears to be very strong and is recognized for long periods of time.”" Reproductive effects
of methiocarb have been demonstrated in birds; thcy appear to be nutritional in nature and
due to the reduction in food consumption caused by the chemical, not by direct effects of

the chemical.™

Trimethacarb
Trimethacarb, 3.4.5-trimethylphenyl methylcarbamate, is another carbamate insecticide

that is useful as a bird repellent.'® Its activity is similar to that of methiocarb although
treatment rates with trimethacarb are from two to five times greater than methiocarb. The
mode of action is similar to methiocarb. Chronic intoxication and reproductive effects have
not been well studied; however, these effects are expected to be similar to methiocarb.

U-12171
This chemical, 2-methyl- l-(l-oxo-Z 2-diphenyl)buty! pyrrolidine, was used as a blrd

repellent on seed crops, and its effects were apparently caused by irritation of mucous
membranes.® It is not in current use. U-12171 is not highly toxic by acute modcs of -
administration, and although the toxxcology and mode of action are not well dcﬁncd it -
probably is a CNS depressant. U-12171 does not appear to accumulate in bird tissues and
this, combined with its' low mammalian toxicity, indicates a minimal secondary hazard
Reproductive cffccts havc not been reported.

OTHER
4-Aminopyridine

This compound, trade named Avitrol®, is highly toxic to all vertebrates.® In mammals
it produces symptoms typical of CNS stimulants, with initial effects noted in 10 to 15 min
and death occurring up to 4 h later. Occasionally the convulsive stages of i intoxication are
accompanied by audlblc vocalizations caused by involuntary contractions of the diaphragm.
In many gregarious species the vocalizations of intoxicated birds are pronounced and frighten
nonintoxicated birds from the treated area. This effect (area repeliency) is used to reduce
damage caused by many species of birds with minimum mortality on the target species. 3424488
4-Aminopyridine has been shown to be noncumulative, is rapidly metabolized by birds, and
thus has not shown any secondary hazards when used at recommended application rates. %%
Because of its rapid lethal effects, however, some hazards may occur from predatory species
consuming unabsorbed chemical in the GI tract of affected or dead birds. Reproductive
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Naphthalene
This chemical is used in seed treatments and as a fumigant.'” Although it is generally

considered as nontoxic, massive amounts can cause mortality by stimulating the CNS.
Repeated exposure to low levels of airbome naphthalene can result in blood dyscrasias and
cataracts.'* Naphthalene has a pungent odor and may affect some species of birds that have
highly developed olfactory senses. Problems with secondary hazards and reproduction have

not been described.
SOPORIFICS

Soporifics have been used in research to bait and capture large numbers of birds for
banding purposes and also for capturing nuisance birds for removal from areas where they
conflict with man. In some countries which prohibit the use of toxic chemicals. soporifics
offer the only practical chemical removal method. Soporifics have also been used to induce
a form of area repellency in some gregarious bird species since these species often associate
a location where they ingested chemicals with an uanpleasant physiological effect. The
effectiveness of soporifics is extremely dose dependent and requires frequent adjustment of
treatment levels or dilution ratios to maintain peak efficacy depending on species. location,
and environmental conditions. In addition. the induction of soporific action normally takes
from 15 to 30 min. which often allows sufficient time for affected birds to move considerable
distances from the treatment site wherc they may die from the effects of the chemical,

exposure, or predation.

«-CHLORALOSE
o-Chloralose is a condensation product of glucose and chloral hydrate. [t is a CNS

depressant that has hypunotic effects at less than lethal levels and has been used to immobilize
birds so that they can be coliected and removed.** Although a-chloralose does not ac-
cumulate in bird tissues. it has been implicated in liver and kidney disorders following
repeated administration. Because the chemical is slowly metabolized. some secondary haz-
ards or reproductive effects may occur.”’ :

TRIBROMOETHANOL N
This chemical is a sedative/hypnotic used for the same purpose as a-chloralose.*® Tri-

bromoethanol (2.2,2-tribromoethanol) causes cyanosis. respiratory and circulatory disorders,
and is toxic:to the kidneys and liver upon acute or chronic administration.*? It is more rapidly '
metabolxzod than a-chloralose; however, some secondary hazards to predatory or scavenger
species are still possible. Reproductive effects are not defined.

METHIOCARB
This carbamate insecticide, previously discussed, is also an effective soporific for many

species of birds and has been used occasionally for capturing birds for banding purposes.
The main advantage of methiocarb is that for many bird species it requires far less chemical
to induce the soporific action.®® As a soporific, the safety margin between the effective and
lethal doses (ED,/LDs,) is often fairly narrow, thus requiring the use of complicated baiting

techniques.

REPRODUCTIVE INHIBITORS

Reproductive inhibition has been proposed for over three decades as a potential method
for reducing bird populations and then maintaining them at low levels to reduce bird/man
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conflicts. Many individuals and organizations have been involved in this effort. both in the
U.S. and abroad. However, the complexity of finding and using reproductive inhibitors
effectively. plus the difficulty in mitigating: potential environmental and human effects. has
thus far precluded their development except-for application to unique urban problems.

AZACOSTEROL
Azacosterol, 17[(3-dimethylamino)propyl] methylamino androst-Sen-3-ol hydrochlo-

ride, Omitrol®, interferes with cholesterol synthesis, thus reducing or preventing the for-
mulation of viable eggs in females.” Azacosterol is relatively nontoxic to mammals, but it
has many side effects often associated with hormonal compounds. The use of azacosterol
as a chemosterilant requires the ingestion of daily doses for 10 to 15 d in order to reach
peak efficacy.*™ Although it is not known whether sufficient amounts accumulate in body
tissue to cause secondary poisoning, it probably is of minor importance since the use of the
product generally does not result in the death of treated birds. Azacosterol use can occa-
sionally result in myotonia (a degenerative muscle disorder) in treated birds, which can be

lethal.

TEM
TEM. 2.4.6-tris(1-azirdinyl)-1,3,5-triazine, xsan insecticide and cancer therapeutic agent

that belongs to a group of chemicals known as alkylating agents. It has been used to control
avian reproduction.'®-”* but is highly toxic and is extremely destructive to rapidly growing

cells, such as those encountered in cancerous and reproductive tissues. Because of its highly

toxic characteristics at the cellular level. TEM also causes chromosomal abnormalities and
has been implicated in causing teratogenic or mutagenic effects.'® The secondary hazards
of this compound have not been investigated.

OTHER

A number of other chemicals have been evaluated for their abilit}-' to produce responses

in birds that might be useful in reducing bird/man conflicts. Of all the chemicals, only one
has been widely used in bird control.

PA-14

can cause eye and skin irritations.® It has the advantage of being biodegradable and presents
little hazard to predatory or scavenger species.®

This surfactant has been applied to winter starling/blackbird roosts in the U.S. when .
temperature and monsture conditions are suitable.> Although relatively nontoxic. it is used

as a toxic spray in aqucous solutions that interferes with the insulating qualities of bird's =
fcathcrs, death by exposure results.* PA-14 is only slightly toxic to mammals although it

i e e c——— e
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